THE study of effects of injuries on joints is complex because of the many difficulties which arise. The problems of particular interest to-day appear to fall into the following three groups: (1) The prevention and cure of adhesions resulting from injury; (2) the effect of an injury on an epiphysis and on articular cartilage;
(3) the mechanical and operative treatment of fractures into joints.
Fractures into joints in children present features which fall into the second group as well as the third, and this second group will be considered in detail with some reference to the other two groups. Firstly, the mechanical aspect of the more serious injuries will be discussed, and subsequently, after some reference to anatomical and pathological details, the subject of cartilage injury and its relationship to osteochrondritis.
Fractures into joints in children.-It is a well-recognized fact that the usual line of detachment of a typical "separated epiphysis," such as that occurring at the lower end of the radius, does not involve the epiphysis itself; 'after this injury no pathological changes are seen if the displaced portion is accurately replaced.
There are two not uncommon injuries of the elbow-joint in children which are entirely intra-capsular, namely, complete separation of the head of the radius and separation of the capitellar epiphysis, i.e., the epiphysis for the capitellum and half the trochlea. The study of these two is convenient because: (1) Operative treatment is often required, so that the parts can be viewed with the eye; (2) radiologically, evidence is easily obtained; (3) a negligible amount of weight is transmitted through this area.
When either of these parts has been displaced so that manipulation fails to re-align them accurately, operation is indicated. Open replacement without internal fixation is performed, if possible. The case is then treated as a simple fracture. If the parts will not remain in position after open replacement, the loose fragment should be fixed in place by mechanical means, such as by catgut suture if that is possible, or by bone peg or nail. Catgut seldom holds the fragment in place in the elbow of a child. Removal of fragments is most undesirable in children owing to the deformity that follows as the limb grows. All surgeons deprecate the use of nails and pegs within joints, but in some circumstances their use is necessary.
There are two methods of usiDg the nail or peg. When the operation is performed with the intention of removing the foreign body as soon as union of the fragments has occurred, there are advantages in using a round nail with a large and somewhat rounded head, and in leaving the head just outside the cartilaginous surface, so that its removal is simple and can be carried out through a small incision preferably three or four weeks after insertion. It will have fulfilled its purpose and had insufficient time either to do injury to the cartilage and bone, or to act as a tissue foreign' body. This is applicable to' intra-articular fractures of the capitellar epiphysis. However, if the operator intends to leave the foreign body in situ, it is preferable to use an autogenous bone graft or beef-bone peg. The use of the former 
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necessitates the cutting of the graft from the tibia, or elsewhere, and as the piece of bone required is small, this is unnecessary, if an equally good result can be achieved by the beef-bone peg. The graft or peg should be driven in by a mallet and finally driven home by some form of punch so that no part of it is protruding into the joint cavity. Such a method of fixation appears to l?e the most satisfactory for fractures through the neck of the radius with complete separation of the head when occurring in children. By this means normal arms are usually obtained (figs. la, lb, lc). The principles of treatment of fractures into joints in children may be summed up as follows:
(1) Replace the fragments accurately in position by manipulation. If operation is necessary the removal of material consisting of bone and cartilage should be avoided.
(2) Disturb the joint as little as possible, and wherever synovial membrane has to be divided, this should be carried out near its reflection from the edge of the bone, and in one line.
(3) When intra-articular fixation is necessary the foreign body should be subsequently removed, or a technique should be adopted which will leave it entirely inserted outside the joint cavity.
Fractures into joints in adults.-The principles of treating fractures into joints in adults are somewhat different because there are no epiphyses, comminuted fractures occur more frequently and free movement is less easy to obtain. The amount of deformity resulting from such operations as removal of the head of the radius is not of importance, and is more than compensated for by the increase of movement obtained. But there is no doubt that replacement of fractured intra-articular bone is desirable if a useful joint can be regained. Experience shows that this is possible more often in subjects under the age of 35 than in those of mature years. Consequently removal of intra-articular bony fragments is added to the alternatives in treating joint fractures in adults.
In an adult in the first half of life replacement of the capitellum is carried out. It can often be fixed by a catgut suture. Nails and other means of fixation of bony fragments are blamed for the limitation of movement often present after fractures involving joints. Other factors which must influence the amount of movement obtained are the severity of the prirnary injury, possible delay in operative treatment, the operative technique in dealing with torn synovial membrane and capsule as well as the injured articular cartilage and bone, and the after-treatment. The advantage of removal of portions of the fractured bone from the elbow-joint of adults is well recognized in the case of fractures of both the head and the neck of the radius. The procedure is also definitely advantageous in the treatment of comminuted fractures of the lower end of the humerus involving one side of the joint, i.e. capitellum or trochlea alone, in patients past middle life. This is exemplified by the following case of serious elbow injury with fracture of the olecranon and the capitellum and a small fracture of the head of the radius. The olecranon was fixed together with a screw, and the pieces of capitellum and one loose piece of the head of the radius were removed. The patient was a woman over 60 years old and she regained movement sufficient to enable her to do everything she wished. There was full pronation and supination; flexion was full and there was extension to 1450 (figs. 2a, 2b, 2c, p. 4).
The T-and Y-shaped fractures into the joint present difficulties, which were first overcome by methods advocated by Lane, of plating the posterior surface of the humerus. Fixation was outside the joint, and in many cases apposition of the broken articular surfaces of the lower end of the humerus was possible. Whatever method of fixation is adopted, it appears that full movement is seldom obtained and greater limitation follows the insertion of fixation nails or pegs in or near the joint.
To aim at the best end-result, the articular cartilage at the lower end of the Pstoertv result.
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Section of Orthopcadics 51 humerus should be brought into as perfect alignment as possible. This is done most easily by passing a screw transversely through the lower end of the bone. However, when fixation of the bony fragments by screws or pegs is used in this way, limitation of movement occurs which is greater than when the fixation has been carried out by an extra-articular method. It seems probable that the injury combined with the operative procedure are the two factors of importance rather than the presence of a foreign body near the joint, as subsequent skiagrams show no abnormal changes in the bone itself. These fractures present extreme difficulty. My own experience of skeletal traction, such as by Kirchner wire, has not simplified their treatment. The breaking down of adhesions under anesthesia some weeks after operative treatment is advocated as a method of increasing the range of movement. My own experience does not confirm this. It is easy to break down the adhesions, but the range of movement present under the anaesthetic is not retained. Active movements and exercises are considered the best after-treatment.
The principles of treatment of fractures into joints in adults differ from those for such fractures in children in that:
(1) Broken-off fragments of bone should be removed if their reposition narrows the joint space.
(2) Extra-articular fixation should be aimed at, provided accurate alignment of articular cartilage is obtainable.
(3) Physical treatment is essential in all cases, whether operation is necessary or not.
The treatment of these more serious joint injuries is described, not only because of the difficulties presented, but also because the radiographical study of these cases during the year following operation shows changes of extreme interest.
Before discussing them, it is necessary to refer to the relationship of blood supply to bone changes.
Bone changes dependent on blood supply.-The relation between calcification, ossification and blood supply has been recognized for many years. The observations have depended largely on the study of pathological specimens of bone affected with disease, such as the changes in bone resulting from endarteritis in syphilitic disease of bone, and from thrombosis of vessels in osteomyelitis.
The recent work of Leriche and Policard has led them to conclusions which may be summed up in a few words: Their theories seem to be far-reaching, and probably explain the pathological changes occurring in injured epiphyses. The changes occurring in epiphyses after operation for fractures have the radiological appearance of conditions of epiphyses which have been grouped under the name of osteochondritis. In the fractures in children when intra-articular fixation is used, particularly in the head of the radius, it is usual for the ossified nucleus of the replaced portion to fragment and for the fragmented pieces to become sclerosed. The suggested reason for the changes in the ossific nucleus is that there is anmmia owing to injury to the blood supply so that sclerosis occurs, in accordance with the theory of Leriche. Later, the part becomes revascularized and regeneration of the centre of ossification takes place, so that the epiphysis assumes its normal shape, although it generally joins the diaphysis earlier than normal.
The condition of osteochondritis dissecans is recognized, since the publications of Littlejohn and Fairbank, as being caused by a subchondral fracture. The skiagram of one case published by Littlejohn shows typical sclerosis of a loose body 52 Proceedings of the Royal Society of Medicine 6 in a joint due to its separation from its blood supply. He makes the interesting statement that many of the skiagrams of his cases show a line of sclerosis proximal to the cleft of the fracture, which appears to be the result of anaemia of that portion of the bone.
Osteochondritis.-Pseudocoxalgia and lesions of epiphyses of the limb bones which show comparable radiological changes, have been classified under the name of osteochondritis, suggesting an inflammatory condition of bone and cartilage, and for lack of a better this term will be used. An unnecessary demand on the memory of doctors and students is made in calling the lesion of each epiphysis by somebody's name, and Legg's descri-ption of the condition as "osteochondral trophopathy" is a trifle difficult. An example of the condition in the capitellum is seen in fig. 3a which shows typical fragmentation and sclerosis. The patient was a girl, aged 7, who had fallen on the elbow. X-ray examination of the other limb proved the condition to be unilateral. After nine months of rest in a splint she was free from pain and had full movement, and three years later no difference can be detected between the capitellum in the injured arm and that in the fractured one (fig. 3b ). The changes are obviously different from those of mulberry or stippled epiphyses. In these cases the patients are usually dwarfs and a number of epiphyses are affected, but some show sclerosis and there may be fragmentation. The radiological appearance in the epiphysis of this girl is that of a sclerosis and is exactly comparable to that produced after the injury followed by operative interference on the head of the radius already described (figs. 4a, 4b, 4c, 4d) . The suggestion is that the changes in the epiphysis of osteochondritis, whether it be in the hip or elbow, are caused by anamia of the epiphysis, and the recovery that ensues is due to subsequent vascularization. In view of the fact that the children who suffer from this lesion are almost invariably hale and hearty and that there is definitely no proof of any infection which is common to all of them, injury is likely to be the cause of the alteration in the blood supply.
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It is well known that the head of the femur mayv show changes of osteochondritis after Lorenz reduction for congenital dislocation of the hip, and surely trauma to bone or blood-vessels, or both, must be the ttiological factor, as Legg suggested. In cases of pseudocoxalgia it is recognized that changes occur in the neck of the femur on the shaft side of the diaphysial plate and also in the acetabulum, but they are not of such a degree as exists in the head of the femur itself. This is in accord with the anatomical arrangement of the blood-supply, for the vessels supplying the intracapsular portion of the neck and head of the femur, and the acetabulum in children are derived from the articular arteries and no branches from the diaphysial arteries supply the joint itself. Waldenstroem's observations on this point appear to be incorrect.
Vascular supply of epiphysial cartilage.-Unfortunately erroneous observations of Lexer and others on the blood supply in the region of joints have replaced the original observations of William Hunter, and only recently anatomists have corroborated the original experiments and pointed out Lexer's errors. This anatomical knowledge has a direct bearing on the changes that occur in epiphyses separated from their blood supply.
The blood supply of the epiphysis and diaphysis are distinct and no vessels penetrate the growth cartilage (i.e., the diaphysial plate or the plate of cartilage which separates the epiphysis from the diaphysis). The vessels of the diaphysis are virtually end-arteries, and in the actively growing healthy animal, the plate of cartilage between the epiphysis and diaphysis is avascular. The epiphysis gets its blood supply from the articular branches to the joint, and experimental work shows that no anastomosis occurs between the vessels of the epiphysis and diaphysis. Articular cartilage is normally avascular, but it seems probable that synovial fluid is of value to this cartilage for it is a recognized fact that certain loose bodies floating in synovial fluid may undergo an increase in size; the osseous tissue remains the same size but the cartilage grows.
At cessation of growth (i.e., between the ages of 18 and 21) the growth cartilage-the diaphysial plate-calcifies and is replaced by bone. An anastomosis between the blood-vessels of the epiphysis and diaphysis then occurs. It stands to reason, therefore, that the end of the bone in the adult has a blood supply from a greater number of blood-vessels. The end of the adult bone does not show fragmentation and sclerosis such as is seen in osteochondritis, and after operative procedures. However, in cases of osteochondritis dissecans the detached fragment may show changes associated with anaemia of bone. More often the end of an adult bone, after injury and operation, shows a decalcification due to injury or to a relative hypertemia. This comparison with the changes at the end of the child's bone suggests that the alteration in the child's epiphysis is due to a lesion of the blood supply to the epiphysis. Time prevents me from going into details of the work of Legg, Platt, Perthes, Calv6, Jansen and others, on pseudocoxalgia. More than an apology is necessarv for brief remarks on so much valuable work.
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Legg has been the chief advocate of the traumatic theory, and one notes that in his consideration of the relationship of injury to the blood-vessels of the epiphysis, he makes use of the work of Waldenstroem and Lexer in connection with the arterial supply to the epiphyses. This work does not appear to be generally accepted by anatomists. Platt in 1922 advocated a low-grade virulence infection as the cause of this condition; subsequently, Murk Jansen and Perkins carried on a published argument on the congenital theory of pseudocoxalgia. A congenital theory seems out of place when a lesion comparable to pseudocoxalgia may appear in so large a number of epiphyses.
The skiagrams on page 9 are of interest as possibly exemplifying injury to the blood supply of both shaft and epiphysis. In 1926, a girl, aged 17, dropped a heavy hamper on to her foot. She was seen first in 1929 with changes in the head of the second metatarsal bone which were diagnosed as osteochrondritis ( fig. 5a ). It was noted that there was thickening of the shaft of the bone to a considerable degree. The appearance does not suggest there has ever been a fracture of the shaft, although she might have had a fracture of the epiphysis (i.e., head of the metatarsal bone), for this would not have joined the shaft at the time of her injury. It is suggested that the weight injured the blood-vessels, both to the epiphysis and to the shaft, and produced these changes, the fragmentation and sclerosis of the epiphysis and the sclerosis of the shaft being such as may result from ana3mia.
The skiagram taken four years later ( fig. 5b ), i.e., seven years after the injury, is interesting in showing that the shaft is reduced in size, although it is still slightly larger than that of the left foot, and that the head has undergone changes in shape but no longer shows areas of sclerosis. The tendency for the elbow to recover from osteochondritis more readily than the hip is undoubtedly due to the absence of weight passing through the joint surfaces; consequently, secondary arthritic changes are more liable to occur in the hip and foot than in the elbow, unless weight-bearing is avoided over a long time, with separation of the joint surfaces.
Uroselectan.-In an endeavour to gain more information about changes in articular cartilage in joint injuries, a number of joints have been examined radiologically after the injection of uroselectan. Such an opaque fluid will fill uD every crevice, but it appears that such solutions as are available at the present time, are somewhat too dense to be of value, and injections into certain joints, such as the hip, are difficult. No help is likely to be forthcoming from this method of examination of cases of osteochondritis, as it is recognized that the changes are not on the surface of articular cartilage, but deep to it. One example is shown of an elbow after injection of uroselectan B. (fig. 6 , a and b, p. 10). In this case there is damage to articular cartilage and underlying bone which followed injury, and the patient has been watched over a period of two years. The skiagram taken after injection is obviously of less value than that of the straight forward skiagram taken half an hour later ( fig. 6c ).
The intention in discussing this controversial subject of the aetiology of osteochondritis is primarily to emphasize the analogy between the changes present in this condition and in epiphyses after serious injury. The suggestion that the familiar changes seen by X-rays are due to an anmmia of the part is in accordance with the anatomy and with Leriche's theory. That injury is the prime cause of the condition by cutting off of the blood supply is certainly not proved, but in children the changes in the cartilage appear to be those of aneamia. 
